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USE OF K-252A DERIVATIVE FOR THE TREATMENT OF PERIPHERAL OR CENTRAL NERVE 
DISORDERS, AND CYTOKINE OVERPRODUCTION 



lU 



15 



Field of the Invention 

The invention relates t(j a ring-substituted derivative of K-252a for use in methods directed 
to ameliorating the deleterious irffects of a variety of diseases, disorders and conditions. 

Background of the Invention 



I. The Indolocarbasole ]fC-2S2a 

20 K-252a is a compound having an indolocarbazoJe skeleton [Japanese Published 

Unexamined Patent Application No. 41489/85 (US No. 4555402)] with the stcreochemistiy shown 
in Formula I . 



K 
N 




Mc02Cr** 
I 

25 It has been reported th^t K-252a strozigly inhibits protein kinase C (PKC) which plays a 

central role in regulating cell functions., and has various activities such as the action of inhibiting 
smooth muscle catitraction (Jpn. J. Pharmacol. 43 (suppK): 284^ 1987), the action of inhibiting 
serotonin secretion (Biochem. E^iophys. Res. Commun., 144: 35, 1987), the action of inhibiting 
elongation of neuraxonc (J. Neiiroscience, 8: 715« 1988), the action of inhibiting histamine release 

30 (Allergy, 43: 100, 1988). the action of inhibhing smooth muscle MLCK (J. Biol. Chcm., 263: 



- 1 . 
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6215. 1988), anti-inflaininatory action (Acta Physiol. Hung., 80: 423, 1992), and the activity of 
cell survival (J. Neurochcmistry, 64: 1 502, 1995). It has also been disclosed in Experimental Cell 
Research, 193: 175-182, 1991, chat K-252a has the activity of inhibiting IL-2 production. 

In addition, it has been reported that derivatives of K-2S2a have PKC inhibitxiry activity, 
the activity of inhibiting histamine release (Japanese Published Unexamined Patent Application No. 
295588/88), antitumor activity Japanese Published Unexamined Patent Application No. 
168689/89 (US 4,877,776), WO 88/07045 (US 4,923,986), WO 94/04541], the action of 
increasing blood platelets [WO94/06799 (EP 630898A)]» vasodepressor activity (Japanese 
Published Unexamined Patmt ^application No. 120388/87), the action of accelerating cholinergic 
neuron functions [WO 94/0248 i (US 5,461,146 and US 5,621,100)] and, curative effect on 
prostate cancer [WO 94/27982 (US 5,516,771)]. Selected an[iino-containing trindene compounds 
have been prepared by Beckmaim rearrangement of ttie corresponding staurosporine oximes (WO 
97/05140). 

The indoiocarbazolcs are generally lypophilic. Because of this feature, the 
indolocarbazoles are able to cress biological membranes with relative ease, compared to proteins. 
Also, indolocarbazoles generally have longer in vivo half lives than proteins. 

In addition to K-252a itself, various derivatives of K-252a have been synthesized and 
tested for biological activity. AmiM)^ the K-252a derivatives shown to have biological activity is a 
compound disclosed in Lewis ei.al,, U.S. Patent Nos. 5,461,146, and 5,621,100, and PCT 
Publication WO 94/02488, and designated therein as '^Compound 11-5 1 Compound II-5 1 has 
been shown to enhance the function of cholinergic neurons, striatal neurons, and sensory neurons 

II. Neurodegenerative Diseases and Disorders 

Parkinson's disease is a neurodegenerative disorder that mvolves progressive and 
selective loss of dopaminergic neurons of the nigro-striatal pathway (Agid, Lancet: 337:1991). 
Administration of l-mcthyl-4-phenyl-i,2,3,6-tetrahydropyridine (MPTP) to mice leads to 
dopaminergic neuroxi degeneration and serves as an animal model for the dopaminergic neuronal 
loss and behavioral deficits observed in Parkinson's disease. Peripheral administration of MPTP 
leads to a highly selective degeneration of the nigrostriatal dopaminergic neuronal system in 
humans, monkeys and mice (HoikkUa et al.. Science 224; 1451-1453, 1984; Bums ct al , Proc. 
Natl Acad. Sci, USA 80:4546-4550, 1983). 
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Neurodegeneration in the MPTP mouse model has been well-characterized. Systemic 
administration of MPTP produces selective loss of dopamine content (and metabolites), tyrosine 
hydroxylase activity, and dopaniine uptake sites in dopaminergic neurons of the murine striatum 
(Heikkila et aL, Nature 3 1 1:467-469, 1984a,b; Tipton et al., J. Neurochem. 6 1:1 191-1206, 1993). 
This effect is dose-dependent, ^daximal loss occurs between 3 and 7 days post-lesion (Jackson- 
Lewis et al., Neurodegeneration 4:257-269. 1995)'. The dopaminergic cell bodies in the nigra are 
less smsttive to MPTP toxicity than their corresponding nerve terminals. At high MPTP doses, or 
multiple MPTP injections, subs-^ntial loss of TH immunoposttive cells in the substantia nigra 
occurs within a wcsek (Heikkila st al.. Science 224; 1451-1453, 1984; Jackson-Lewis et al., 
Neurodegeneration 4:257-269, 1995). At lower MPTP doses, or with a single injection, loss of 
mgral tyrosine hydroxylase positive ceils occurs later (Tatton ct al., .1 Neuroscience, Res. 30:666- 
672, 1991). Thus, at lower dosss of MPTP and a short-time period after lesion, striata) damage 
can be observed in the absence of nigral tyrosine hydroxylasc-positivc cell loss. This 
neurodegenerative sequence is similar to that observed in the disease. The MPTP mouse model is a 
recognized and widely used model for the study of Paridnson*s disease. 

Non-cholinergic neurons that use y-aminobutyric acid (GABA) as a neurotransmitter 
(i.e., GABA-ergic neurons) are widespread throughout the brain. For example, they arc found in 
the nucleus basalis magnocellularis in the rodent (the equivalent region in the human brain is called 
nucleus basalis of Meynert), a i egion of the basal forcbrain important in attention and memory 
functions. Damage to GABA-c rgic neurons in the basal forebrain may also contribute to 
behavioral deficits in neurodegcaierative diseases such as Alzheimer^s disease (Dekker et al , 
Neurosci. and Biobehav, Rev., 15:299-317, 1991; Gallagher el al.. Seminars in Neuroscience, 
6:351-358, 1994: Torres et al , Afettro^ciencc, 63:95-122, 1994). 

Neurons in the basal forebrain die in several diseases of the central nervous system, 
notably Alzheimer's disease (Arendtetal.,ylcX€iA^ffwro/>flf/2o/. (Berl.) 61:101-108, 1983: Iraizoz et 
al., Neuroscience^ 41:33-40, 1!)91; Vogels et al., Neurobiol Aging, 1 1:3-13, 1990). A 
contributing factor m such neir onal cell death is gluiamate excitotoxicity, i.e. over-stimulation of 
neurons by excess glutamate (Choi, Neuron, 1:623-634, 1988). Accordingly, several animal 
models of Alzheimer's disease use glutamate or a glutamate analog to produce excitotoxic death in 
the region of the basal forebrain where neuron death occurs, i.e., the nucleus basalis 
magnocellularis (Wenk, Beh. Brain Res., 72:17-24, 1996). 

Neuronal pathology in Alzheimer's disease is first seen in the cntorhinal cortex, and 
loss of neurons in this region becomes severe as the disease progresses (Braak et al.. Acta 
NeuropathoL 82:239-259, 195 1; Hyman et al.^ww- NeuroL 20:472^81, 1986) Neurons in layej 
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2 of the cntorhinaJ cortex project to the dentate gyrus of the hippocampus, and this neuronal 
pathway plays an important role in memory fonnation (Lcvisohn ct al.. Brain Res. 564:230-244, 
1991; Olton et al., firaiw Res i:J9:295-308, 1978; Steward etal.. Brain Res. Bull 2:41-48, 1977) 
Neurons in layer 2 of the ectorhinal cortex, like many other neurons in the cerebral cortex^ use 
glutamate as a neurotransmitter (Mattson el al.. Neuron 1 :86S-876, 1988; White et al.. Nature 
270:356-357, 1977). Thus, los»; of glutamatergic neurons in the entorhinal cortex contributes to 
the behavioral deficits seen in Alzheimer's disease and other neurological disorders. 

in. Peripheral Neuropathy 

Peripheral neuropathy ^jenerally refers to a disorder that affects the peripheral nerves, most 
often manifested as one or a combination of motor, sensory, sensorimotor, or autonomic neural 
dysfunction. The wide vancty cif morphologies exhibited by peripheral neuropathies can each be 
umquely attributed to an equally wide variety of causes For instance, pcnphcral neuropathies can 
be genetically acquired, can res alt from a systemic disease, or can be induced by a toxic agent. 
Some toxic agents that cause n« urotoxicities arc therapeutic drugs, antineoplastic agents, 
coniaminants in foods or medic inals, and environmental and industrial pollutants. 

In particular, chcmothcrapeutic agents known to cause sensory and/or motor neuropathies 
include vincristine, an antineop astic drug used to treat haematological malignancies and sarcomas. 
The neurotoxicity is dose-related, and exhibits as reduced intestinal motility and peripheral 
neuropathy, cxpeciaJly in the distal muscles of the hands and feet, postural hypotension, and atony 
of the unnary bladder. Similar problems have been documented with taxol and cisplatin (Mollman, 
1990, New Eng. Jour. Med, 322:126-127), although cispJatin-related neurotoxicity can be 
alleviated with nerve growth fa:tor ( NGF) (Apfel, et al., 1992, Annals of Neurology 3 1 :76.80) 
Although the neurotoxicity is si>metimes reversible after removal of the neurotoxic agent, recovery 
can be a very slow process ( L4:gha, 1986, Medical Toxicology 1:421-427; Olesen, et al, 1991, 
Drug Safety 6:302-314) 

Ibere are a number of inherited peripheral neuropathies, including: Rcfsum's disease, A- 
betaiipoproteinmiia, Tangier disease, Krabbe's disease. Metachromatic leukodystrophy, Fabry's 
disease, Dejerinc-Sottas syndnime, and others Of all the inherited neuropathies, the most common 
by far is Cbarcot-Marie-Tooth disease (see also, U.S. Patent No. 5,420,112 for additional 
information on peripheral neuropathies). 
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IV. Cytokines 

Tumor necrosis factor ot (TNF-ot) and interleukin-lp (IL-lp) are polypeptides known 
to be involved in a number of inBanunatory and metabolic processes in vivo. For a review which 
rclAtss the role of TNF-a in inflammatory diseases , including septic shock, see Ann. Rev. 
ImmunoI.7:625 (1980) , and Chnical Trials Jar the Treatment of Sepsis, Sibbald, W. J, and 
Vincent, J.-L (Eds ), Spnnger-\'erlag BerUn Heidelberg 1995 It is generally accepied that the 
overproduction or inappropriate production of TNF-a is involved in several pathological 
conditions, including septic shoi:k (Spooner et al.. Clinical Immunology and Immunopathology, 
62:p. SI 1 (1992)) and various other allergic and inflammatoTy conditions or diseases, including but 
not limited to rheumatoid anhri^is^ osteoarthritis, asthma, bronchitis, chrome obstructive airway 
disease, psoriasis, allergic fhiniiis, dermatitis, and inflammatory bowel disease, and other 
autoimmune diseases. Immunol Res 10:122 (1991), Science 229:896 (1985) andProc SatL 
Acad &/ 89:7375 (1992). 

Summarv of the Invention 

Generally, the inveation features methodologies for ameliorating the deleterious effects 
of a variety of diseases, disorders and conditions by treating a subject in need thereof with a 
therapeutically effective amount of Compound A. 

More specifically, the invention features a method for treating the deleterious effects of 
diseases, disorders and ccxiditicns which lead to or cause the death of, or lead to or cause inhibition 
of the junction of, certain ncurcms by enhancing the function or survival of a dopammergic, 
GAB A-ergic, or glutamatcrgic neuron in a mammal, comprising the step of contacting the neuron 
with Compound A. Typically, the mammal in which the neuron is found is a human. Typically, 
the dopaminergic, GABA-ergic, or glutamatcrgic neuron contacted with Compound A has impaired 
fimction, or is at risk of dying, because of a neurodegenerative disease. Typically, the 
neurodegenerative disease is Ps^ikinson's disease or ALdieimer's disease. 

More specifically, the nvention also features a method of reducing a peripheral neuropathy 
compnsing administering to a mammal a neuropathy-reducing amount of Compound A. 
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While it has been rq^orled that the indolocarbazole compound K-252a reduces the lethality 
resulting from eadocoTun administration, this ability has been ascribed to the ability of 
K-252a to inhibit protein kinases, especialy protein kinase C (Inaba et al., Jpn. J. Surg 23:234 
(1993). It has unexpectedly been found that Compound A, which has little or no inhibitory 
activity against PKC, provides surprisingly good activity as an inhibitor of TNF-cr production and 
production of the cytokine IL-l|i. Therefore, and with further specificity, the invention also 
features a method of inhibiting production of TNF-a and IL-ip in a mammal and a method of 
treating or alleviating inflamina-.ory conditions or diseases, including but not limited to septic 
shock, rheumatoid arthritis, osteoarthritis, asthma, bronchitis, chrome obstructive airway disease, 
psoriasis, allergic rhinitis, dermatitis, and inflammatory bowel disease and other autoimmune 
diseases, which method compris es administering to said mammal an effective amount of 
Compound A and pharmaceutic ally acceptable salts thereof in combination with a 
phaxmaccutically acceptable carrier. 

As used herein, ^'Compound A" means the compound whose chemical structure ts shown 

below. 




CO2CH3 

Compound A is also referred tci as Compound II-5 1 ( Lewis ct al., U.S . Patent Nos 5,461, 146 and 

5,621,100; WO 94/02488), 

As used herein, ' ajneliorate" and "ameliorating" mean to therapeutically improve 

and/or therapeutically reduce and/or to make more therapeutically tolerable. 

As used herein, "dsletcrious" means damaging and/or haimfiil and/or negative 
As used herein, the: word "overproduction" when used to modify TNF-<x and IL-lp 

means production of TNF-cl a ad/or IL-ip leading to deleterious conditions such as, for example, 

septic shock, allergic conditions, inflammatory conditions, etc. 
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As used hereixL, the terms "inhibit" or "inhibiting** means that the presence of 
Compound A has a comparatively greater effect on reducing and/or prohibiting and/or preventing 
the production of a material contacted with Compound A than a comparative material not 
contacted with Compound A. 

As used herein, the terms ''enhance" or "enhancing'* when used to modify the terms 
"fiinction'' or '"survival" means that the presence of Compound A has a comparatively greater 
effect on the flmction and/or suivival of the specified neuron than a comparative neuron not 
presented with Compound A. For example, and not by way ot limitation, with respect to the 
survival of, e.g., a dopaminergic neuron. Compound A would evidence enhancement of the function 
of a dopaminergic neuranai population ai risk of d5ang (due to, e.g., injury, a disease condition, a 
degenerative condition or natUKil progression) when compared to a dopaminergic neuronal 
population not presented witfi Compound A. if the treated population has a comparatively greater 
period of functionality than the non'treated population. 

As used herein, "dcpajminergic neuron" means a neuron that uses dopaimne as a 
neurotransmitccr . 

As used herein, '*G.\BA-ergic neuron^' means a neuron that uses y-aminobutync acid 

as a neurotransmitter 

As used herein, "gliitamatergic neuron" means a neuron that uses glutamate as a 
neurotransmitter. 

As used herein, "nbm" means nucleus basalis magnocellulaiis. 

Unless otherwise defined, all technical and scientific terms used herein have the same 
meanmg as commonly understood by one of ordinary skill in the art to which this invention 
pertains. Although methods and materials similar or equivalent to those described herein can be 
used in the practice or testing of the present invention^ the preferred methods and materials are 
described below. All pubticaticins, patent applications, patents, and other references mentioned 
herein are inooiporated by rrfeience in their entirety. In case of conflict, the present document, 
including definitions, will cantiol. Unless otherwise bdicated, materials, methods, and examples 
described herein arc illustrative only and not intended to be limiting. Various features and 
advantages of the mvention will be apparent from the fdllowii^ detailed description and from the 
claims. 
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Brief Descript ion of the Drawings 

Fig. 1 is a graph of data demonstrating that Compound A is not a monoamine oxidase- 
A inhibitor. The IC50 of Clergy line was 21 nm. Upright triangles, Clorgyline; inverted triangles^ 
Compound A; squares, L-depreiiyl. 

Fig. 2 is a graph of data demonstrating that Compound A is not a monoamine oxidase- 
B inhibitor The IC50 of Clorgyltnc was 21 ran Upright triangles, Clorgyline: inverted triangles. 
Compound A; squares, L-dcprciyl, 

Fig. 3 is a bar graph showing that animals receiving Compomid A (light bars) had 
significantly more Fluoro-Gold- labeled neurons in the rostral portion of the lesioned nbm (over 400 
\im from the midpoint of the lesion), compared to lesioned animals receiving vehicle only (dark 
bars). *-P<0,05 by Newman-lCeuls test. 

Fig. 4 is a bar graph showing the total number of errors committed in the T-maze 
rewarded alternation task by normal control animals, sham surgery animals, snrgically-lesioned 
animals receiving vehicle only ("Lcs") and surgically-lesioncd animals receiving Compound A at a 
dose of 0. 1 mg/kg q.o.d. ("0. Numbers of animals in each group are shown in parentheses. 
♦=p<0.05 compared to Sham,11|-P<0.01 compaird to Les, by Newman-Keuls tests. 

Fig. 5 shows the eifect of Compound A on acrylamide-induced peripheral neuropathy. 

Dgtaliad Description 

Generally, the invention features methodologies for amelioraiing the deleterious effects 
of a variety of diseases, disordt rs and conditions by treating a subject m need thereof with a 
therapeutically effective amour t of Compound A. 

This mvention provides a method for treating the deleterious effects of diseases, 
disorders and conditions v4iich negatively affect the function and/or survival of neurons at risk of 
dying due to such diseases and disorders by enhancing the function or survival of specific types of 
neurons of the mammalian ceniral nervous system. More particularly, the invention provides a 
method for enhancing the function or survival of dopaminergic neurons, G ABA-ergic neurons, and 
glutamatcrgic neurons in a mammal by administering to the mammal Compound A, a ring- 
substituted K-252a derivative *Adih the following chemical stracture. 
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H 

J. 



Compound A 

5 Dopaminergic Deuions, GABA-crgic neurons, and glutamatergic neurons are 

widespread in the mammalian central nervous system. Each of these three neuronal ceil types 
suffers impaired function, or even death, m one or more neurodegenerative diseases of the central 
nervous system. Parkinson's disease involves progressive loss of dopaminergic neurons of the 
nigrostriatal pathway. Alzheimer's disease involves the death of various types of neurons, 
10 including GABA-ergic neurons in the nucleus basalis of Meynert of the basal forebrain. 
Alzheimefs disease also involvjs death of glutamatergic neurons in the cntorhinal cortex. 

One method of trea ting Parkinson's disease or Alzheimer's disease is to administer a 
compound that enhances the function or survival of dopaminergic neurons, GABA-ergic neurons, 
or glutamatergic neurons. Compound A is pharmacologically active in biological assays and m 
15 vivo models for enhanced function or survival of dopaminergic neurons, GABA-ergic neurons, and 
glutamatergic neurons. Therefore, the present invention has utility for treating Parkinson's disease 
or Alzheimer's disease. The invention, however, is not limited to the treatment of those diseases 
The use of Compound A to entance the function or survival of dopammcrgic neurons, GABA-crgic 
neurons, or glutamatergic neurons whose impaired fimction or risk of dying results from causes 
20 other than Parkinson's disease or Alzheimer's disease is also within the scope of the present 
invention. 

This mvention also features a method of reducing a peripheral neuropathy. The method 
involves administering a neuroDathy-reducing amount of Compound A to a mammal. In various 
preferred embodiments, the mammal is a human, or an agriculturcal or domestic mammal that 
25 develops a neuropathy, e.g., as a result of treatment of a neoplasm with a chemotherapeutic agent. 
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Compound A can be administen^d in a manner deemed effective by one sldlled in the art; a 
preferred mode of administratioi is subcutaneous injection. 

As used herein, "^eriphsral neuropathy" refers to a disorder affecting a segment of the 
peripheral nervous system. The invention involves using Compound A to reduce a neurotoxicity, 
mcluding, but not hmited to, distal sensorimotor neuropathy, or autonomic neuropathies such as 
reduced motility of the gastrointestinal tract or atony of the urinary bladder. 

Preferred neuropathies iiat can be effectively treated with Compound A include 
neuropathies associated with sy jtemic disease, e.g., post-polio syndrome; genetically acquired 
neuropathies, e.g., Charcot-Maiie-Tooth disease: and neuropathies caused by a toxic agent, e.g., 
acrylamide, or a chemothcrapeutic agent, e.g., vincristine. 

Where Compound A is used to treat a neuropathy induced by a toxic agent, it can be 
administered before, simullanccusly with, or after exposure to the toxic agent, or before, during or 
after administration of a chcmotherapeutic. Preferably, Compound A and the chemotherapeutic 
agent are each administered at effective time intervals, during an overlapping period of treatment. 
Compound A can be administeied to the mammal following exposure to the neurotoxic agent or 
following chemotherapy, to restore at least a porticHi of the neurofunction destroyed by the 
neurotoxic agent or chemotherapeutic. The chemotherapeutic can be any chemotherapeutic agent 
that causes neurotoxicity, such as vincristine, taxol, dideoxyinosine, or cisplatin. 

By 'toxic agent" or "nuurotoxic agent/* is meant a substance that through its chemical 
action injures, impairs, or inhibits the activity of a component of the nervous system. The list of 
neurotoxic agents that cause neuropathies is lengthy, and includes, but is not limited to, neoplastic 
agents such as vincristine, vinblastine, cisplatin, taxol, or didcoxy-compounds, e.g., 
dideoxyinosine: alcohol; metals; industrial toxins involved in occupational or environmental 
exposure; contaminants of fboc or medicinals; or over-doses of vitamins or therapeutic drugs, e.g., 
antibiotics such as penicillan or chloramphenicol, or megadoses of vitamins A, D, or B6. An 
extensive, although not compleus, list of chemical compounds with neurotoxic side-effects is found 
in Table 1 . Although this list p rovidcs examples of neurotoxic compounds, it is intended to 
exemplify, not limit, the scope the invention. Other toxic agents can cause neuropathies, and 
can be characterized by methods known to one skilled in the art. By "exposure to a toxic agent" is 
meant that the toxic agent is mide available to, or comes into contact with, a mammal of the 
invention. Exposure to a toxic agent can occur by direct adnunistration, e.g., by ingestion or 
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administration of a food, medicinal, or therapeutic agent, e.g., a chemotberapcutic agent, by 
accidental contamination, or by environmental exposure, e.g., aerial or aqueous exposure. 

Despite the widely <lisparaxe morphologies and causes attributed to peripheral 
neuropathies in vivo, applicants have hypothesized that Compound A can be an effective means of 
preventing or treating such neuropathies in a mammal. 
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TABLE 1 



AGENTS THAT CAUSE PERIPHERAL NEUROPATHY 





ACTIV/ITY 

^ W 1 1 V 1 1 I 


AGENT 


ACTIVITY 


n- : 

acotazol amide 


diuretic 


imipramine 


DIIUUCSpi C33ai li 


acryiamide 


floccuiiini, grouTing 
aoent 


inoomeinacin 


a nf ui nf I a m ato rv 


adnamycin 


antineopiasiic 


inorsanic leau 


toieie metai in oaint. etc. 


■iconoi ^Qinanoij 


suivwni, lewfeaiionai 

druQ 


ISUfllMiAIM 


a ntituberculous 


Dili 1 III 11 ic 


rasDitalorv stiiYiiileht 


lithium 


antidepressant 


«9rTllU%iCII Ul 1 V 


antiarrttvthmic 


methyl mercury 


industrial waste 


aiiipiiwiBiiwiri 


antimicrobtel 


metformin 


antidiabetic 


arvanic 


herbicilie, Insecticide 


methylhydrazine 


synthetic intermediate 


aurothioglucose 


aniirne jmaiic 


ITlBlf Dniaa&Bio 


antiorotozoal 


barbiturates 


aniicorvuisani, seaaiive 




radiosensitizer 


bucKthorn 


toxic borry 


n 1 iio iM ramoi n 


urinarw antiseotic 


carbamates 


insectic:ide 


nnrogon rnusiaiu 


antineoolastic nerve 
aas 


carpon aisuiTiviv v^^2/ 


inuusu ai 


nitrous oxide 


anesthetic 


cniurarTipntpriicoi 




ores a no D h oSDhates 


insecticides 


CfflwIU^^UIIIC 


antimaiarial 

CIIIMII rd 1^1 1 


ospolot 


anticonvulsant 


r ^ n Idict^t/ rsi imi n A 


antihvc arlioaDrotelnemic 


penicillin 


antibacterial 


wi«piv%iii 


fintinsctDiafitic 

1 ] 4 ■ ■ i * a 9 VI w 


perhexlllne 


antiarrhythmic 


r^liAriLiinfil 


amebie ide antibacterial 


perhexiline malaate 


antiarrhythmic 


colestipol 


antihyf'erlipoproteinemic 


phenytoin 


anticonvulsant 


coicnictne 


#im if dinnravcainf 
goul oiippiasaalli. 


niatinum 


drU9 component 


colistin 


antimicrobial 


primidone 


anticonvulsant 


cycioserine 


antibaciterial 


pro Ba rOa£l riQ 


antineoplastic 


cytarablne 


antineoplastic 


pyriuvAin V 


vitamin B6 


dapsone 


□ermaioio9'^ inciuQins 
leprosy 




anti'-sickiing 


dideoxyeytidine 


antineiiplastic 


Streptomycin 


antimicrobial 


dideoxylnosine 


antineoplastic 


sulphonamides 


antimicrobiai 


didaoxythymidine 


antivlrni 


suramin 


antineoplastic 


disulfiram 


antialcoho) 


tamoxifen 


antineoplastic 


doxorubicin 


antineoplastic 


taxol 


antineoplastic 


ethambutot 


antibai:terial 


thalidomide 


antileprous 


ethionamide 


antibai^terial 


thallium 


rat poison _ 


glutathimlde 


Bedati>'e, hypnotic 


triamterene 


diuretic 


gold 


antirheumatic 


trlmethyltin 


toxic metal 


hexacarbons 


solvents 


L-tryptophan 


health food additive 


hormonal 
contraceptives 




vincristine 


antineoplastic 


hexamethylolmelamine 


fireproofing, 
crease proofins 


vinblastine 


antineoplastic 


hydralazine 


antihypertensive 


vindesine 


entineoptastic 


hvdroxychleroq uine 


anttrhf^umatic 


vitamin A 


mega doses 






vitamin D 


mega doses 



5 
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10 



Compound A has also been demonstrated to inhibit production of the cytokine TNF-a, 
despite having little or no uihibi"Jory activity against PKC. Compound A aJso inhibits the 
production of the cytokine IL"1(J. The production of TNF-a is associated with a variety of 
diseases and disorders such that the inhibition thereof via use of Compound A can beneficially 
provide value to a subject in nc«:d of such inhibition of TNF-a production. 

Accordingly, Comp ound A can also be utilized to inhibit production of TNF-cx in a 
mammal and/or a method of tre»ting or alleviating inflammatory conditions or disease, including 
but not limited to septic shock, :-heumatoid arthritis, osteoarthritis, asthma, bronchitis, chronic 
obstructive airway disease, psoiiasis, allergic rhinitis, dermatitis, and inflammatory bowel disease, 
and other autoimmune diseases whic^ method comprises administering to said mammal a 
therapeutically effective amoun: of Compound A. 

For use in the pres<»it invention, Compoimd A can be formulated into a 
pharmaceutical composition by admbdure with pharmaceutically acceptable nontoxic cxcipients 
and carriers. Such a composition can be prepared for administration by any of various routes. 
15 Routes of administration and preferred dosage foims include the following: parenteral, preferably 
in the form of Uquid solutions or suspensions; oral, preferably in the form of tablets or capsules; 
intranasal, preferably particularly in the form of powders, nasal drops, or aerosols; and dermal, 
via« for example, trans-dermal patches. 

Composition A cari be conveniently administered in unit dosage form and may be 
20 prepared by any of the methods well known in the pharmaceutical art, for example, as described in 
Remingion's Pharmaceutical Sciences (Mack Pub. Co., Easton, PA. 1980). Foncnulations for 
parenteral administration may contain as common excipients stcnle water or saline, polyalkylene 
glycols such as polyethylene glycol, oils and vegetable origin, hydrogenated naphthalenes and the 
like, hi particular, biocompatible, biodegradable lactide polymer, lactide/glycolide copolymer, or 
25 polyoxyethylenc-polyoxypropy lene copolymers may be useful cxcipients to control the release of 
the active compounds. Other potentially useful parenteral delivery systems for Compound A 
include ethylene-vinyl acetate copolymer particles, osmotic pumps, implantable infusion systems, 
and liposomes. Formulations for inhalation administration coniain as excipients, for exampic, 
lactose, or may be aqueous sol jtions containing, for example, laxitosc, or may be aqueous solutions 
30 containing, for example, polyo :<ycthylene-9-lauryl cdier, glycocholatc and deoxycholate. or oily 
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solutions for administration in tlie form of nasal drops, or as a gel to be applied tntranasally . 
Formulations for parenteral administration may also include glycocholate for buccal 
administration, a salicylate for rectal administration, or citric acid for vaginal administration. 
Fonnulations for trans-denmal f latches arc preferably lipophilic emulsions. 
5 Compound A can fee employed as the sole active ingredient in a pharmaceutical 

composition. Alternatively, it can be used in combination with other active ingredients, e.g., 
growth factors that &cilitate nejronal survival or axonal regeneration in diseases or disorders. 

The concentration of Compound A used in the practice of this invention in a 
therapeutic composition can vai-y. The concentration will depend upon factors such as the total 
10 dosage ofthe drug to be administered and the route of adininistnuion. Compound A typically 

would be provided in an aqueot s physiological huBsr solution containing about 0. 1 to 1 0% w/v for 
parenteral administration. Typ:cal dose ranges are fix»m about 1 \xg/kg to about I g/kg of body 
weight per day ; a preferred dosi; range is from about 0.01 mg/kg to 100 mg/kg of body weight per 
day. A preferred dosage of Compound A to be administered is likely to depend on variables such 
15 as the type and extent of progression ofthe disease or disorder, the overall health status ofthe 
particular patient, the relative efficacy of Compound A for the particular disease or disorder 
treated, the particular fonnulation used, and its route of administration. 

Compound A for use in the present invention is preferably obtained according to the 
methods described in Lewis et al., U.S. Patent No. 5,461,146. 
20 The present invent on wUl be further illustrated by the following examples. These 

examples are not to be construed as limiting the scope ofthe invention, nor the scope ofthe claims 
appended hereto. 
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exampij:s 

Example 1 

Pharmacological Activity on Dopaminergic Neurons 

Experiments were conducted using Compound A in MPTP-lcsioned dopaminergic 
neurons in mice (MFTP mouse model). A single s.c. dose of MPTP (20 mg/kg) provided to C57 
black mice produced approxinuitely 60% loss of striatal tyrosine hydroxylase activity. 
Administration of Compound A, at daily doses rangiog from 0.0 1 to 10 mg/kg (s.c ), to such 
MPTP-treated mice reduced ths loss of striatal tyrosine hydroxylase activity. These data are 
shown in Table 2. 



Table 2 



Striatal Tyrosine Hydroxylase (TH) Activity 
in Low-Dose MPTP-Treatad Mice* 



Treatment 



Unlesioned 

MPTP-Lesioned 

MPTP Lesioned (Vehicle) 

MPTP Lesioned + Cmpd A 



((1.01 mg/kg) 

(0.03 mg/kg) 
(0.10 mg/kg) 

(0.30 mg/kg) 
(1.0 mg/kg) 
(3.0 mg/kg) 

( lO.O mg/kg) 



striatal TH 
Activity 
(± SEM) 


% Of 
Unlesioned 
Control 




19.06 ± 1.06 


100+5.6 




7.40 ± 1 .07 


39 + 5.6 




6.99 ± 0.75 


37 + 4.0 




7.76 + 1.23 


41 ± 5.3 




10.48 ±0.92* 


55 + 3.9 




11.51+0.80" 


60 ± 6.5* 




11.89+1.34- 


62 ± 5.0* 




10.39+ 1.39- 


54 + 7.0* 




9.66+1.10 


51 ± 5.8 




9.77 ± 0.70 


51 +3.7 



* Average of three dose - response experiments. 
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Mice were treated with MPTP (20 mg/kg; s.c.) 4-6 hrs after the first Compound A 
injection. Compound A was then injected every day until the end of the e?&periinent, which was 7 
days in duration. Striata were icissessed for tyrosine hydroxylase enzyme activity. Asterisk 
indicates statistically significant: difference (p < 0 05) from MPTP- Vehicle treated animals. 

In a separate experiment, the activities of Compound A were assessed in a higli dose 
MPTP-mouse model A single 40 mg/kg injection of MPTP produced a 95% depletion in stnatai 
tyrosine hydroxylase enzyme activity 7 days post-injection. Administration of Compound A at 
daily doses of between 0.03 anci 3 .0 mg/kg reduced the magnitude of the lesion, in a dose 
dependent maimer These data are shown in Table 3 . 



Table 3 

Striatal Tyrosine Hydroxylase (TH) Activity 
in High-Dose MPTP-Treated Mice' 





striatal TH 






Activity 


Unlesioned 


Treatment 


{± SEM) 


Control 


Unlesioned 


Z3.1 ±1.6 


100 + 7.0 


MPTP-Lesioned (Vehicle) 


1.6 4- 0.6 


7 + 3.0 


MPTP-Lesioned + Cmpd A 






(0.03 mg/kg) 


1.8 + 0.6 


8 + 2.5 


(0.3 mg/kg) 


Z.7 ± 0.6 


1Z ±2.5 


(3.0 mg/kg) 


5.3+1.8* 


Z3 + 8.0* 



* Data are from a single experiment. 



Mice were treated with MPTP (40 mg/kg, s c.) 4-6 hrs after the first Ccwnpound A 
injection Compound A was then injected every day until the end of the experiment which was 7 
days in duration. Striata were assessed for tyrosine hydroxylase enzyme activity. Asterisk 
indicates statistically significant difference (p < 0.05) from MPTP -Vehicle treated animals 

MPTP-mcdialed dopaminergic toxicity is dependent on MAO mediated conversion of 
MPTP to MPP*(l-methyM-phenylpyridinium ion) and uptake of MPP^ mto dopaminergic 
neurons. Compounds found to be active in the MPTP-mouse model should be determined not to be 
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inhibitors of MAO or dopaznine uptake. Compound A has been found not to inhibit monoamine 
oxidase A or B in vitro (Figures 1 and 2) or block uptake of catecholamines into nerve endings, 
indicating that this compound d^es not prevent the metabolic conversion of MPTP to MPP*^ or 
inhibit the active uptake of MPl'^ into dopamineiigic neurons. 

These data demonstrating efficacy of Compoimd A in the MPTP-mouse dopaminergic 
lesion model indicate utility of Compoimd A in the treatment of neurodegeneiative disorders such 
as Parkinson's disease. 

Example 2 

Pharmacological Actrntv on GABA-'ergicycurons 

Compound A was liested for its ability to prevent depletion (e.g.. enhance the sufvival) 
of GABA-ergic neurons in the nucleus basaiis magnocellularis, using the well-established ibotenic 
acid lesion model. Ibotenic acitt an excitotoxin, is known to reduce ntunbers of GABA-cxprcssuig 
neurons in the nbm region (Linciefors et al., NeurbscL Lett, 135:262-264. 1992; Shaugnessy et al.. 
Brain Res., 637:15-26, 1994). 

Adult male Sprague-Dawley rats received injections of ibotenic acid (5 .0 g) into the 
nbm unilaterally The rats wens then dosed with Compound A (0.03mg/kg) via subcutaneous 
injection beginning 18 hours afijer tlie lesion, and continuing q.o.d. until 18 days post-lesion. 
Tissue sections were then collei:ced throughout thie rastral-caudal extent of the nbm, and processed 
to detect glutamic acid dccarbovylase^ an enzyme required for biosynthesis of GABA. The 
numbers of neurons expressing glutamic acid decarboxylase were then counted throughout the 
rostral-caudal extent of the nucleus basaiis magnocellularis, in a region where glutamic acid 
decarboxylasc-exprcssing neun^ns of the nbm are easily distinguished from glutamic acid 
decarboxylasc-cxpressing neurons in adjacent structures (while matter medial and ventral to the 
globus pallidus). The results were cncpressed as percent glutamic acid decarboxylase-expressing 
neurons on the lesioned side relative to the number on the opposite, unlesioned side. The results 
were also calculated separately for the rostral nbm, mid-nbm, and caudal nbm. 

A mean of 7S (±15 s.u.m.) percent glutamic acid decarboxylase neurons were coimted 
in the rostral nbm of animals receiving Compoxmd A, compared to 34 (± 19 s.cm.) percent in 
animals receiving vehicle only, a sUtistically significant difference by t test (p < 0.05). No 
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Statistically significant differences between Compound A-tieated animals and vehicle-only (control) 
animais were seen in mid-nbm or caudal nbm. 

These results demonstrate that Comppund A can protect against a GABA-crgic neuron 
loss that results from an excitotoxic lesion, and thiis has a neurotrophic effect on that neuronal 
population. 

Example 3 

Pharmacological Activity on nbyn Neurons 

To test directly the ability of Compound A to prevent excitotoxic neuron death, nbm 
neurons in adult male Sprague- iJawley rats were first labeled with a long-lasting marker. This was 
done by injecting Fluoro-Gold (FG), a neuronal tracer that is taken up by nerve terminals and 
transported back to the cell body (Book et al., J. Neuropath, Exp. Neurology, 53:95-102. 1994), 
into target regions of nbm neunins in the frontal and parietal cortex. 7-10 days later the animals 
received lesions of the nbm unilaterally, using 5 |4g of ibotenic acid. Bqpnning 18 hours after this 
lesion, the anixiuds received Compound A (0.03nig/kg) via subcutaneous injection, every other day 
until IS days post-lesion. Tissus sections were collected throughout the entire rostral -caudal extent 
of the nbm on both sides of the brain^ and numbers of nbm neurons with the FG label were 
counted. The counts were comxted for size difilocnces using standard procedures, and the results 
expressed as the percent of labeled neurons in the nbm on the Icsioncd side of each animal relative 
to the number of labeled neuror^ in the nbm on the opposite unlesioned side of the brain. 

Animals receiving compound A had significantly more FG-labclcd neurons m the 
rostral portion of the Icsioned nbm (over 400 pm from the mid-point of the lesion), compared to 
iesioned animals receivix^ vehii:le only (Figure 3). At mid-lesion and caudal to the lesion 
Compound A had a declining ejfect . 

These results demcnstratc directly thit Compound A can prevent the loss of pre- 
labeled neurons in the nbtn that results from excitotoxic damage. 
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Example 4 

Long-Lasting Functional iinprovement Upon Short Teno Dosing with Compound A 
Adult male Spraguc-Dawlcy rats were first trained to altdinate responses in a standard 
rewardcd-altcmation T-maze task (Hcplcr ct al, X NeuroscL^ 5:866-873^ 1985). The animals then 

5 received bilateral lesions of the nucleus basalts mflgnccellularis, to impair performance in T-maze 
tasks (e.g., Salamone et al., BehtTv. Brain Res., li:63-70, 1984). Beginning 18 hours after the 
lesion, the aninials received Compound A via subbutaneous injection (0. 1 mg/kg) every other day 
until 12 days post-lesion. Twenty-four hours foUlciwing the last injection all animals were placed in 
the T-maze once a day, until th«jir alternation performance reached pre-opciative levels, which toc^ 

10 anywhere from 3 to 10 days. After reaching criterion, the animals were not further tested for 8-1 0 
weeks. At that point the animaJs were again placid in the T-maze^ once a day until they reached 
prc-operative performance. Thi: total number of irrors the animals committed during this test is 
shown in Figure 4. The lesionel animals receiving vehicle only committed significantly more 
errors than either unoperatsd nc rmals or sham'-qptarates, while lesioned animals that received 

15 Compound A 10-*12 weeks prB\iously were not (BBferent from normals. 

These results demonstrate that Comph9und A produces a chronic improvement in a 
behavior reflective of an impro^'cmcnt in attention or memory several months after dosing has 
ceased. 

20 Example 5 

Efiiciencv of Compound A in Entorhinal Cortex Lesion Model 

Glutamate-containing neurons in layer 2 of the entorhinal cortex project to the 
molecular layer of the dentate gyrus, where ihcy fonn synapses on the dendrites of the dentate 
gyrus granule cells A lesion c*in be created in laj^^r 2 of entorhinal cortex by stereotaxic injection 
25 of the excitotoxin N -methyl -D-aspartaic (NMDAj). Under sodium pentobarbital anesthesia, rats 
received an injection of NMD A (15 nmols/sitc) aieach of 2 sites in the entoiliinal cortex. Two 
weeks later, the rats were sacriiiced and pertusediwitfa a 50 mM sodium sulfide solution. The 
brains were removed, sectioned in the horizontal |ilane at a thickness of 40 ^xol, and stained with 
either Cresyl violet or Timm's stain. The survival of neurons in layer 2 of entorhinal cortex was 
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assessed in Cresyl violet stainecl sections, while tike integrity of their axon terminals in the 
molecular layer of the dentate gyms was measurcjci in alternate sections stained with Timm's stain. 

Injection of NMD/k destroyed 62 i (s.e.m.) of cntorhinal layer 2 and decreased 
the area of the dentate gyms middle molecular la^ner by 19 ± 6H4 (s.e.m }. Daily treatment with 
Compound A (1 mg/kg, s.c), v^ith the first injection given immediately after injection of NMDA, 

reduced the loss of entorhinal la yer 2 neurons to i2 =b 10% {s.e.m-)(p < 0.05, *t' test) and prevented 

I 

the decrease in area of the middle molecular layer (p < 0,0S, 't' test). Thus, Compound A 
protected neurons in the entorhinid cortex from all cxcitotoxic lesion and maintained the mtegrity of 
their axon terminals in the dentite gyms. 

These data demonstrate the efficacy of Compound A m protecting glutamatergic 

neurons of the entorhinal corte> .. Lesions of entoirhinal cortex m animal models have been shown 

■f 

to produce memory deficits^ ami severe degeneration of these neurons occurs in Alzheimer's 

Ii 

disease. This supports the position that Compound A is useful in treating neurological disorders 
that mvolve loss of or damage In glutamatergic niurons and neurons of the cerebral cortex, 
including but not limited to Alzheimer's disease/jstroke and head traiuna. 



Example 6 

Effect of Compound A on Acrviawiide-lnduced Peripheral Neuropathy 

Acrylamide produces a "dying back'' cedtral-pehpheral distal neuropathy in himians and 
animals. The lesion is a mixed sensory/motor ne||iropathy characterized by weakness, tremor and 
ataxia in humans. In animals, icrylamide produ^s changes in behavior (sensory, motor and 
proprioceptive)^ histopatholog> ^ ekctrophysiolojly and weight loss. In the periphery, large 
diameter, long axon. Ah fibers are preferenually Mfccted by acrylamide. In rats, acrylamide 
admmisiration produces an axcaiopathy as meas^ed by increased landing foot spread (LFS), a 
measure of proprioception. || 

Acrylamide-induced neuropathy is a mo^el of chemically induced toxicity, It differs from 
other chemically-induced models (such as chcmojifcherapeutic models) in that the duration is 
relatively short (3 weeks) and the animals are in feclativdy good health. Acrylamide does not 
produce gross systemic toxicir/. 
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Male Sprague-Dawley rats wdighing 2S0|gnuns at the start of the experiment were used. 
Acrylamide (50 mg/kg, IP) was administered threfe times/week for three weeks. The animals were 
dropped from a height of 30 cri and the distance between the hindfeet was recorded (Edwards, 
P.M. and Parker, V.H. (1977) '^A simple, sensitive, and objective method for early assessment of 
5 acrylamide neuropathy in rats ' Toxicol Appl Phhrmacol, 40:5^9'59l). Compound A (0.1, 0,3 or 
1.0 mg/kg, s.c. in 5% solutol) v/as administered once daily for the duration of the experiment. 

Aciylaniide-creatcd animals had larger distances in the LFS than the vehicle treated 
animals. Compound A (0.3 mg/kg/day) reduced ihe magnitude of the increase in LFS produced 
by acrylamide (Figure 5). j 
10 These data indicate thac Compound A is Useful for the treatment of peripheral 

neuropathies. 

Example 7 

Failure of Compound A to Inhibit ProtcinI Kinase O In Vitro 

The protem kinase C assay and the inhibition of protein kinase C by K-252a is disclosed 
in US Patent 4,923,986 and Kase, H. ct.aL, (cds.) Japan Scientific Societies Press, Tokyo, pp 293- 
296, (1988) By means of an essentially similar assay, it was found that K-2S2a inhibits protein 
kinase C with an IC50 of 0.028 fiM while the IC50 of Compound A is 16.0 |i.M, x.c, 570 fold less 

active. Compound A has an IC50 of 139 nM, asian inhibitor of the production of TNF-<x, and an 

i 

ICsD value of 261nM as an inhibitor of the production of IL-ip, concentrations at which 
Compound A is inactive as an inhibitor of proteici kinase C. 

Example 8 

Twi Vitro Inhibition of TNI-a and IL-lB ^odttction by Compound A 

25 The ability of Compound A to inhibit Ihel induction of TNF-a was demonstrated by use of 

a standard in vitro pharmacological testing procedure as described below. 
Stock solutions consisting of 4 mM Compound A , in 100% DMSO, were scored at 4°C. Cell 
culture medium RPMI 1640 (Media Tech, Hemcbn, Va) and fetal bovine serum (Hydone, I-ogan, 
UT) comprised the test medium. LipopolysacchLride (LPS) (Sigma. St. Louis, MO) from E. coli 
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serotype 0111 :B4, extracted wrJi trichloroacetic ajcid, was used. Stock solutions of LPS were 
prepared and stored at 4°C in phosphaxe-bufferedlsaiine (PBS). ELISA kits for assaying tumor 

necrosis factor alpha (TNF-a) iuid IL-lp were purchased from Boehringer-Mannheim, 

j 

(Indianapolis, IN) and were used according to thcjmanufacturer's instructions. THP-1 cells, a 
5 human monocyte-derived cell Ine, was obtained from the American Type Culture Collection 

(ATCC TIB 202). Cells were grown in RPMI 1640 containing 10% fetal bovine serum (medium) 

i 

in a humidified atmosphere of f % C02:95% air at 31'*Q. Experiments were performed in 24 well 
culture plates (Nunc) with 5 x 0^ THP-1 cells inl 1 ml of medium. Cells were incubated with LPS 
at 2 ug/ml to induce TNF-a. After a 3-hr incubatlion period, the cells and medium were 
10 ccnthfugcd at 1,000 x g for 5 min, and the resultii)g supernatant fluid was either assayed 

immediately for TNF-a or ston;d at -70°C and assayed later. Media samples were measured for 

j 

content of TNF-a and IL- 1 p b}' Elisa assays . 

j 

To test Compound A for the abihty to inhibit the induction of TNF-a, cells were incubated 



with varyuig concentrations of Compound A for 



1 hr prior to the addition of LPS. Compounds 



15 were diluted so that DMSO was never present in ihe cell culture medium at a concentration higher 



than 0 l*^o. Compound A was v^^stcd and assayed 
a and IL-ip production. 



as descnbod above for its ability to inhibit TNF- 



Example 9 

20 Inhibition of LPS-Induced TNF«a and IL41B in the Serum of Mice, 

Sixty female C57BL triicc (4-6 weeks ol4) were divided into six groups, each with 10 

I 

animals. Three groups (1,3,5) received vehicle oily (PBS contaimng 0.1% TEA (tetraethyl 
ammonium hydrochloride)), 200 jiil/mouse via intraperitoDeal (ip) administration. The other three 
groups (2,4,6) received Compound A (30 mg/kg in 200 |il, ip) of vehicle (PBS containing 10% of 
2S the ethyl ester of 12-hydroxysCi»ric acid; solutol)! Two hours later, the animab received by ip 
administration, 0.1 mg/kg of L PS (groups 1 & 2)[ 0.5 mg/kg of LPS (groups 3 & 4), and 1.0 
rng/kg of LPS (groups 5 & 6). Two hours after iLpS administration, all of the animals were 



sacrificed, and plasma samples were obtained ana assayed for their TNF-a and TL- 1 p content. 
Assays were carried out as described in Example! 8. 
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Data arc summarized iii Table 4. The fiiuihbers ia ( } ars the group niunbcrs as described 
above. N indicates the number of animals from v^ch piasma measuremeats were made. 
Nl> = not done. 

Tabe4 



LPS dose 


TNF-a 


(pg/ml) 




IL-lp (pg/mi) 


mg/mouse, ip 


Vehicle 


CMP A 




Vehicle 


Cmp A 


0.1 


(1) 






NO 


ND 




6129±676 


2714±448* 










N«10 


N-10 








0.5 


(3) 


w 


■ 


ND 


ND 




7141*1113 


3766±37S^ 












N=7 








1.0 


(5) 


(C) 




(S) 


(6) 




3745±610 


2399:k1399 




300±87 


S9±19- 




N«8 


N-9 




Ns8 


N-8 



* Indicates statistical difference from vehicle-trefifted control (p<0.05). 



to the mice caused the production by those mice 
markedly inhibited by a two hour prccreatment 
A also maricedly inhibited the production of IL- 
l.Omg/kgofLPS. 



As shown in Tabic 4, LPS administnitioi i 
of TNF-a, and the amount of TNF-a produced wis 
with Compound A. Pretreatmein with Compound 
ip, produced in response to the administration of 

Example 10 

Prevention of LPS-InducccI Death in Mice 

Forty mice were divided into three groupsL two groups consisting of ten mice and one 
group of twenty mice. Administrations of vehiclei, LPS. and Compound A were intraperitoneal 



Group I (n=10) mice received l ehicle (phosphate 
zero and vehicle for Compound A (200 )j.l/mou$e) 



vehicle for Compound A at zcrci time (200 fxl/moi|sc) and LPS (2fnB in 200 p.l/mouse) two hours 



buffered saline for LPS, 200 ^l/mouse) at time 
2 hours later. Group 2 (n=10) mice received the 
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later. Group 3 (n=20) received Compound A (30 mg/kg in 200 ^.l of vehicle) at time zero and LPS 
(2nig in 200 |^l/mouse) two hours later. j 

Tlie administration of LPS caused 90% mortality within 20 hours and 100% mortahty by 

I 

42 hours after administration. Jn the group of animals which received Compound A two hours 

i 

5 prior to receiving LPS, there was 25% morcahty at 20 hours after LPS administration, 75% 

mortahty at 42 hours after LPS . and 80% mortal^ one week after LPS administration. Vehicle 
treatments were well tolerated and caused no deaths. 

Those skilled in the art will appreciate that numerous changes and modiftcatms may be 

made to the preferred embodiments of the invention and that such chamgcs and modiftcatins may 

■ i 

10 be made without departing from the spirit of the invention. It is therefore intended that the 

appended claims cover ail cqui\ alent variations aslfall within the true spirit and scope of the 

' j 

invention. Documents cited thn>ughcut this patent disclosure are hereby incorporated herein by 
reference. 
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CliUMS 



What is claimed is: 



1 . A method for inhibiting oveq^rdductioo of tumor necrosis factor aipba in a 
mainmaJ comprising the step of administering toj mammal in need thereof a therapeutically 
effective amount of Compound said Compouhd A represented by the formula: 




CHaSCI-bCI-b 



CCD2ICH, 



10 



2. A method for amclioratmg the deleterious effects of overproduction of tumor 

necrosis factor alpha in a mamriaii comprising t^e step of administering to a mammal in need 
thereof a therapeutically effective amount of Compound A, said Compound A represented by the 
fomiula: 



15 



CI-bObSCHz 




ChtSCH2CH5 
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3. A method for ijihibiting overprdduction of interleukiu-l beta in a mammal 
comprising the step of administisring to a mammbi in need thereof a thcFapeutically effective 
amount of Compound A, said C ompound A represented by the formula: 



CH3CH2SCH2 




2SCH2CH5 



4. A method for suneiiorating the deleterious effects of overproductian of 

interleukin-1 beta in a mammal comprising the step of administering to a mammal in need thereof a 
therapeutically efTective amoun : of Compound ^» said Compound A represented by the formula: 



ChbCHzSCHz 




CHzSCHjCHa 



5. The method of claim 2 wherein ^aid deleterious effects are selected from the group 
comprising septic shock, rheumatoid arthritis, osteoarthritis, asthma, bronchitis, chronic 

ic rhinitis. 



obstructive airway disease, psoiiasis, allergic 



dermatitis, and inflammatory bowel disease. 



The method of claim 2 wherein {said deleterious effect is an autoimmune disease. 



-IZ6- 



wo 97/49406 



PCT/US97/10898 



7. A meihod for ameliorating a pcHpheral neuropathy in a mammal comprising the 
step of administering to a mammal in need thereof a therapeutically efifective amount of Compound 
A, said Compound A represented by the formal^: 



CliaCI-bSChh 




The method of claim 7 wherein said peripheral neuropathy is caused by a toxic 



agent. 



9. The method of claim 8 wherein baid toxic agent is selected from the group 
comprising neoplastic agents, a.cohoi, metals, industrial toxins, antibiotics, food contamincnts and 
medicinal contaminents 

10. The method of claim 7 wherein jsaid peripheral neuropathy is associated with a 
systemic disease, 

1 1 . The method of claim 7 wherein {said peripheral neuropathy is associated with a 
genetically acquired neuropath> . 



12. A method for ameliorating the cjeletierious effiects of Alzheimer's disease on 
neurons selected from the grou|i consisting of GABA-ergic neurons and giutamatergic neurons 
comprising the step of administsriug to a mamnvl in need thereof a therapeutically effective 
amount of Compound A^ said Compound A rep^ented by the formula: 



-127- 



wo 97/49406 



PCT/US97/10898 



ChbCHaSCHj 




SCHzChb 



C0JCH3 

13 A method for itmciioraxiDg the ^elctcnous efiects of Parkinson's disease on 
dopaminergic neurons comprising the step of amninistering to a manunal in need thereof a 
therapeuucally effective amount of Compound A. swd Compound A represented by the formula: 



Ci-bCHzSCHz 




CI-tSCHzCI-b 
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